Aims/hypothesis. We aimed to estimate incidences of any retinopathy and proliferative diabetic retinopathy (PDR) by direct ophthalmoscopy and relate them to baseline risk factors in re-examined diabetic survivors from 10 centres of the WHO Multinational Study of Vascular Disease in Diabetes. Methods. After a mean follow-up of 8.4 years (11.7 years in Oklahoma), 2877 (71.6 %) survivors were resubmitted to standardised direct ophthalmoscopy as at baseline. The presence of any retinopathy and PDR were recorded at each centre and their incidence estimated in those without retinopathy and PDR at baseline. The independent associations of these incidences with baseline risk factors are expressed as odds ratios derived from multiple logistic regression analyses, within individual centres (which included fasting plasma glucose in 8 and triglyceride in 5) and in pooled data. Results. Of the 4662 original patients, 465 (10.4 %) of those without and 77 (43.0 %) of those with baseline PDR had died (p < 0.001). Any retinopathy was newly reported at follow-up in 47.7 % and PDR in 9.7 % of those free of them at baseline, with reported incidences varying substantially among centres. Incident retinopathy appeared earlier in the known course of diabetes but incidence rates rose more slowly with duration in patients with Type II (non-insulin-dependent) diabetes mellitus than in those with Type I (insulin-dependent) diabetes mellitus. In pooled data and in some individual centres, any retinopathy incidence gave significantly positive odds ratios with age, diabetes duration, systolic pressure, plasma cholesterol, BMI, insulin treatment and proteinuria, and with fasting plasma glucose in the centres where it was measured. Positive odds ratios for PDR were similarly obtained for age, duration, insulin treatment, cholesterol, proteinuria and fasting glycaemia. Smoking status odds ratios were negative for both outcomes. Conclusion/interpretation. Incidence of ophthalmoscopically ascertained any retinopathy varied about twofold and of PDR about threefold among centres. Although, in part attributable to differences between observers, variation in incidence in all centres and in some cases within centres was associated with a number of baseline risk factors. Such associations are not likely due to observer variation or selection biases and emerged despite the imprecision of clinical ophthalmoscopy. Improved detection and control of these risk factors should reduce the impact of diabetic retinopathy and its consequences. [Diabetologia (2001) 
This paper describes the incidence of newly reported, ophthalmoscopically detected diabetic retinopathy (any retinopathy) and appearance of proliferative diabetic retinopathy (PDR) in surviving patients at 10 of the original 14 WHO Multinational Study of Vascular Disease in Diabetes (WHO MSVDD) centres in which it was possible to carry out a systematic follow-up study [1] . It also considers, in these ethnically and geographically diverse diabetic populations, the relation between the incident events and biometric, clinical and biochemical factors recorded at baseline.
Vascular disease of the retina typifies the longterm diabetic state. It can ultimately be identified in virtually all people with Type I (insulin-dependent) diabetes mellitus and in a high proportion of those with Type II (non-insulin-dependent) diabetes mellitus. Diabetic retinopathy is usually present for many years before its progression to visual impairment and blindness makes it apparent to the patient. It is the leading cause of blindness in persons aged 25 to 74 years in the United States [2, 3] and in the United Kingdom the most common cause of blindness among people in their working years of life [4, 5] .
It has been proposed that rates of diabetic microangiopathy vary less among diverse ethnic and geographical diabetic groups [9] than rates of macrovascular (atherosclerotic) disease which differs widely in its impact in those without [6] and with diabetes [7, 8, 14] . The prevalence study of the WHO MSVDD gave some support to this hypothesis [10, 11, 12] and is reconsidered in relation to our incidence findings.
The WHO MSVDD was started in the mid-1970's at a time when the skills and standards for retinal photography were yet to be established and retinal cameras were not widely available. Since clinical ophthalmoscopy was, and in many centres still is, the principal method for detecting diabetic retinopathy, the study was carried out by local, trained observers using direct ophthalmoscopy through dilated pupils and working to an agreed, standardised protocol for examination and objective documentation. Even with such standardisation, this method will inevitably introduce some bias and variation into results due to differences between observers. Epidemiological studies to date would use more objective, verifiable and precise centrally-read retinal photographic records. The major justification for including this`historical' study lies not so much in the differences in reported retinopathy incidence between centres as in the sometimes highly significant associations between a number of baseline characteristics and retinopathy incidence which emerged in pooled data and sometimes in individual centres in spite of the sources of imprecision noted above.
Subjects and methods
Of the 4662 patients in the 10 centres who underwent standardised direct ophthalmoscopic retinal examination in the baseline prevalence study, 3140 (67.4 %) were reported free from retinopathy, 1343 (28.8 %) with non-proliferative diabetic retinopathy (NPDR) and 179 (3.8 %) with proliferative diabetic retinopathy (PDR). This report concerns the findings in the 2877 survivors (71.6 %) of those free of PDR at baseline who were subjected to ophthalmoscopic re-examination at followup, using the baseline protocol.
Analysis of incidence was restricted to new reports of any retinopathy or of PDR when these were reported respectively as absent at baseline. This simple analytical approach further acknowledges the limitations of direct ophthalmoscopy for more precise quantitative epidemiological estimates of worsening, such as those made possible by the photographic methods now in use. Analytical groupings, definitions of retinopathy and baseline variables and the statistical methods used have been described in detail [12, 13] . In every centre, the presence of non-proliferative retinopathy at baseline was a strong (p < 0.01) univariate predictor of incident PDR (data not shown) and was not included in multivariate analysis because of its close aetiological relation. Fasting plasma glucose was measured at baseline at 8 of the 10 follow-up centres and triglycerides at 5 of these. A p value of less than 0.05 was considered statistically significant.
Results
The composition of the patient group is shown in Table 1. Of the 4662 patients whose eyes were examined at baseline, 4483 were reported free of PDR and 3140 free of any retinopathy. During the follow-up period, 465 (10.4 %) of the patients free of PDR died compared with 77 (43.0 %) of the 179 patients with PDR at baseline (p < 0.001).
Of the 4018 survivors free of PDR at baseline, 2877 (71.6 %) were re-examined ophthalmoscopically at follow-up according to the original protocol. Of these, 2108 (73.3 %) had been free of retinopathy and 769 (26.7 %) had NPDR at baseline. Follow-up time for participants was between 7 and 9 years (mean 8.4 years) at all centres except Oklahoma where it averaged 11.7 years. Oklahoma and Zagreb lost a higher proportion of patients to follow-up eye examination than other centres.
Retinopathy incidence. At follow-up re-examination, the presence of incident any retinopathy was recorded in 1006 (47.7 %) of the 2108 reported as retinopathy-free at baseline (Table 2) .
Cumulative incidence of any retinopathy was highest in Oklahoma (76.4 %) where follow-up time was almost 40 % longer than the average (Table 2) . Rates were also high in Zagreb (73.1 %) and Hong Kong (58.1 %). The lowest recorded incidence was in Tokyo (29.7 %). When separated into the clinical types of diabetes, although there was a higher incidence of any retinopathy in Type I than Type II diabetic pa-tients in Switzerland, Berlin, Tokyo and Havana ( Fig. 1, 2) , the pooled incidences did not differ significantly. Pooled PDR incidence was, however, higher in those with Type I (14.6 %) than in those with Type II (8.0 %) diabetes (p < 0.01).
Any retinopathy incidence and baseline variables.
Mean values of baseline variables in those reported to be without retinopathy at that time were calculated for those who had developed any retinopathy at follow-up and for those who had not (Table 3) . Systolic pressure, BMI, cholesterol, triglyceride and fasting glucose were all higher at baseline in those with incident retinopathy at follow-up.
Stepwise logistic regression analysis. Odds ratios (OR) were calculated from the regression coefficients in stepwise logistic regression analyses, with incident any retinopathy as the dependent variable and entering all the variables listed in Table 4 into the regression equations. These were selected as factors significantly related to retinopathy incidence in simple bivariate analysis in individual centres and/or pooled data. Ratios are based on specified increments (units of change) in, or for stated categories of, the independent variables.
Although the incidence of any retinopathy in the pooled data was higher in women (51.1 %) than in men (44.7 % p < 0.003), the OR for sex failed to achieve significance in the multivariable analysis, suggesting that the sex difference was explained by other variables. Odds ratios for baseline age, systolic and diastolic blood pressure, cholesterol, BMI, insulin treatment and proteinuria were statistically significant for incident retinopathy in pooled data and in some individual centres. Known duration of diabetes though positive in 3 centres was not significant in pooled data. Incident retinopathy appeared earlier but rose more slowly with increasing duration from diagnosis in Type II than in Type I diabetic patients (Fig. 3 ).
Significant ORs after adding baseline fasting plasma glucose into the model for the 8 centres in which it was measured are listed in Table 5 . ORs for fasting plasma glucose were highly significant for retinopathy in pooled data and in 6 of the 8 individual centres (Table 5 ). Fasting triglycerides were unrelated (data not shown).
PDR incidence and baseline variables. Proliferative diabetic retinopathy was reported at follow-up in 279 (9.7 %) of the 2877 patients free of it at baseline. Of those developing PDR, 157 (56.4 %) were identified by the appearance of new vessels, 90 (32.2 %) by photocoagulation treatment and 32 (11.5 %) by vitreous haemorrhage. In pooled data, there was no significant difference in PDR incidence between the sexes but it was higher in patients with Type I (14.8 %) than in those with Type II (8.0 %, p < 0.01, Fig. 1, 2) .
Stepwise logistic regression analysis. Odds ratios were significant for age and for known diabetes duration in pooled data and some individual centres (Table 6) ; as with any retinopathy, PDR appeared earlier in Type I than Type II diabetic patients but later incidence rose more slowly (Fig. 3 ). Significant ORs were also found for plasma cholesterol, insulin treatment and proteinuria at baseline; for age and smoking status ORs favoured the older patients and the smokers ( Table 6 ). Few of these ratios were statistically significant in individual centres where incident events of PDR were relatively few in number. Fasting plasma glucose introduced into the model in the 8 centres (Table 7 ) generated highly significant ORs for PDR in pooled data and in the individual centres listed in Table 6 which also lists other ORs significant after adding fasting glucose to the regression equations. 
Discussion
Retinopathy ± incidence estimates and sources of error. Retinopathy incidences were based on locally conducted, direct ophthalmoscopic re-examination of 71.6 % of the 4018 participants, surviving and free of PDR at baseline, from 10 of the original 14 centres of the WHO MSVDD, using the same examination protocol as at baseline. There is no information on the follow-up retinal status of the non-participating survivors nor of the 542 patients who died during follow-up.
Mortality was fourfold higher in those with PDR at baseline than in those without (p < 0.001), confirming its serious prognostic significance as documented in other studies [15, 35, 36] . A greater proportion of the other decedents were men, with longer duration of diabetes, higher systolic and diastolic pressures, higher plasma cholesterol, and more of them insulin users. These baseline risk factors also, but less markedly, characterised the 1141 non-participating survivors. This paper is therefore likely to provide a low estimate of true incidence. Direct ophthalmoscopy as used in this study is less sensitive and specific than the retinal photographic methods which have come to be the`gold standard' for epidemiological surveys of diabetic retinopathy [22, 37] . To optimise comparability, our fundus examinations were carried out by skilled and experienced local professionals, its methodology was specified in detail, and abnormalities found were documented using a simple, interpretation-free description of lesions [12] . Finally, the incidences reported were restricted simply to the qualitative documentation of the appearance of any retinopathy and of PDR. No attempt was made to quantitate lesser degrees of retinopathy progression, now possible with retinal photographs. Estimates of incidence are, nevertheless, likely to have been influenced by systematic differences between examiners in individual centres so that direct comparisons of rates between centres must be guarded. The use of the less precise method of direct ophthalmoscopy is, however, more likely to have obscured rather than to have created the statistical associations we observed between retinopathy incidence and baseline risk factors. This lower precision could account, at least in part, for associations statistically significant in pooled data but not in the smaller numbers in individual centres. [17, 18, 19, 20, 38] , strongly suggesting substantial prior periods of unrecognised diabetes. Variation in the availability of medical services and attitudes to diabetes screening in the WHO MSVDD centres could thus have been a factor in the duration of unrecognised Type II diabetes and consequently the proportion with complications present at diagnosis or appearing soon after. Rates of PDR reported could also have been influenced by varying indications for and access to photocoagulation. In Hong Kong and Havana, no PDR was ascribed to this treatment, while the proportion identified by new vessel formation varied from 32 % in Berlin to 81 % in Switzerland.
With the exception of the higher rates in Oklahoma (where follow-up was 3.6 years longer than average) and Zagreb, estimates of incidence rates of any retinopathy in the individual centres varied relatively little around the overall average rate of 43 %, about 5 % a year. Estimates of PDR incidences, which varied more in relative terms around a much lower overall mean of 9 % (about 1 % a year), were also high in Oklahoma and Zagreb. Using retinal photographic ascertainment of retinopathy in a US diabetic population [39] , other investigators reported an overall 10-year incidence of any retinopathy of 89.3 % in insulin-treated patients with diabetes diagnosed before the age of 30 years, 79.2 % in insulin-treated patients diagnosed after the age of 30 and 66.9 % in patients older than 30 years treated without insulin [39] . Corresponding 10 year incidence rates for PDR were 29.8 %, 23.6 % and 9.7 % respectively. Probably due to the greater sensitivity of the photographic methods used, these rates are higher than those reported here and also higher than those recorded in the University Group Diabetes Program [40] and other rates reported elsewhere in a review of published studies on retinopathy incidence [41] . In these other studies, as in this report, incidence rates of PDR in Type I diabetes are twice or more those in Type II diabetes.
Baseline predictors of retinopathy. It is a measure of the importance of glycaemic control as a predictor of risk that, in the centres where it was measured, even the one fasting blood glucose estimation at baseline emerged as the single most powerful independent predictor of the incidence of any retinopathy and PDR.
H. Keen et al.: Appearance and progression of retinopathy S 28 (u of c) = units of change * p < 0.05; ** p < 0.01; a 0-female, 1-male; b 0 = no, 1 = yes; c 0 = Type II, 1 = Type I diabetes The strong association between degree of hyperglycaemia and the appearance and progression of retinopathy has been observed in many studies based on clinical patient groups, particularly since the introduction of glycated haemoglobin as a measure of glycaemic control [22, 23, 38, 42, 46, 48] . The Wisconsin Epidemiologic Study of Diabetic Retinopathy [39, 43] showed the predictive importance of HbA 1 c in a population-based, prospective study in the United States. The close, probably causal nature of this link has most recently been affirmed in Type I diabetes by the Stockholm study [44] , in the Diabetes Control and Complications Trial [45] and in Type II diabetes by the Japanese [46] and the United Kingdom Prospective Diabetes Study [47] . In our study, the higher retinopathy incidence in Type I than Type II diabetic patients was associated with a higher mean fasting plasma glucose with concentrations of 11.2 and 8.8 mmol/l respectively (p < 0.001).
Raised systolic pressure at baseline was a predictor of any retinopathy incidence. The role of arterial hypertension as a risk factor for diabetic microvascular disease in Type II diabetes was apparent in the United Kingdom Prospective Diabetes Study [48] which also provided evidence that, in those with raised pressures, the appearance and progression of retinopathy could be slowed by effective antihypertensive and antidiabetic treatment [49] . The absence of a statistically significant association of baseline arterial pressure with PDR incidence should be considered in the light of the relatively small number of incident events, the limitations of a single blood pressure measurement made up to 10 years earlier or the more dominant role of hyperglycaemia and advancing retinal ischaemia as determinants of the later proliferative stages of retinopathy evolution.
The Early Treatment of Diabetic Retinopathy study documented the much greater risk of progression to PDR in patients with pre-existing retinopathy, and it also showed that photocoagulation treatment reduced the rate of progression to PDR and visual impairment [50] . The effect of tobacco smoking on diabetic retinopathy has long been contested [30, 31] . In our study there was some indication that smokers had a lower risk of the first appearance of any retinopathy and progression to PDR compared to nonsmokers, an apparent advantage which disappeared when blood glucose was included in the analyses.
In conclusion, the multinational follow-up study gives limited and qualified support to an earlier verdict [9] that there is less variability of retinopathy than of macrovascular disease incidence among different diabetic populations. Incidence of any retinopathy varied approximately twofold and of PDR approximately threefold compared with the tenfold variation in some manifestations of macrovascular disease incidence observed in the WHO MSVDD [13] . This strongly suggests that whereas diabetic microvascular and macrovascular disease could share some common risk factors, other determinants could dominate the differential risks.
Although some of the variation in retinopathy incidence estimates was likely to have been attributable to the differences between observers at different centres and the relative imprecision of ophthalmoscopic ascertainment, reported incident retinopathy was clearly associated with several of the variables measured at baseline, in the group as a whole and within some individual centres. Baseline hyperglycaemia, raised arterial pressure and duration of diabetes (a proportion of it probably unrecognised) were risk factors for retinopathy incidence. Variable facilities for early diagnosis of diabetes, management of the disease, recognition of the appearance of retinopathy and detection and correction of the other risk factors are also likely to have contributed to differences in the outcome. Our findings support and reinforce other studies of the genesis and progression of diabetic retinopathy and emphasize the potential for systematic interventions to achieve earlier detection, better control and more effective correction of risk factors in the prevention of this disabling complication.
